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$\{\begin{array}{ll}\frac{d}{dt}u(t) = f(t, u), a<t<b,r(u(a), u(b)) = 0 \end{array}$
$u,$ $f,$ $r$ $n$ $f,$ $r$ $u$ 1
$r$
$a=t_{0}<t_{1}<.$ . . $<t_{m-1}<t_{m}=b$ , $m\in N$
$m$ $n$







$F(s):=\{\begin{array}{lll}u(t_{l}\cdot t_{0},s_{O})- s_{1} u(t_{2}\cdot t_{1},s_{1})-s_{2} \vdots u(t_{m}\cdot t_{m-1},s_{m-1})- s_{m}r(s_{0},s_{m}) \end{array}\}$
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$F(s)=0$ $s$ $u(t)$ sj $u(t_{j})$
$s$ Newton
Newton
$s$ $\tilde{s}$ $\frac{\partial F}{\partial s}(\tilde{s})$
$F’(\tilde{s})$
$F’(\tilde{s});=\{\begin{array}{l}0 V_{1}(t_{2}) -I 0 00 0 V_{2}(t_{3}) -I 0\frac{\partial r}{\partial s_{0}}(\tilde{s}_{0;}\tilde{s}_{m})V_{0}(t_{1})0: -I0^{\cdot} . 0. 00 V_{m-1}(t_{m})0^{\cdot} \frac{\partial r}{\partial s_{m}}(\tilde{s}_{0},\tilde{s}_{m})-I0:\ovalbox{\tt\small REJECT}\end{array}$
$V_{k}(t_{k+1})$ $n\cross n$
$\frac{\partial u(t_{k+1};t_{k},\tilde{s}_{k})}{\partial s_{k}}$












$s_{0}=\tilde{u}(t_{0}),$ $s_{1}=\tilde{u}(t_{1}),$ $\cdots,$ $s_{m-1}=\tilde{u}(t_{m-1}),$ $s_{m}=\tilde{u}(t_{m})$
$[s]^{0}$ $:=$ $(s_{0},s_{1)}\cdots, s_{m-1}, s_{m})$
Newton $0$












$h=t_{k+}i-t_{k},$ $t=t_{k}$ $s_{k}$ $[s_{k}]$ $u$
[U] $u(t)(t_{k}\leq t\leq t_{k+1})$
[$U$] $\supset$ $[s_{k}]+[0, h]f([t_{k}, t_{k+1}], [U])$ .
[U] $[U_{k+1}]$
$u(t_{k+1};t_{k}, [s_{k}])$ $[U_{k+1}]$ $[u_{k+1}]$
$[u_{k+1}]$ $=$ $[ s_{k}]+\sum_{j=1}^{(p-1)}h^{j}f^{(j)}(t_{k}, [s_{k}])$
$+h^{p}f^{(p)}([t_{k}, t_{k+1}], [U_{k+1}])$ . (1)
$f^{(1)}$ $=$ $f$ ,





$\bullet$ 1 $u(t_{k+1};t_{k}, [s_{k}])$
Taylor (2)





$[v]$ $g$ $\{g(v)|v\in[v]\}$ $[g([v])]$
$[g([v])]$ $\subset$ $g(\hat{v})+[g’([u])]([u]-\hat{v})$ ,
$\hat{v}$ $[v]$ $g([v])$
$F’(\tilde{s})[s]-F([s])$ $=$ $\{\begin{array}{l}V_{0}(t_{1})[s_{0}]-u(t_{1},t_{0},[s_{0}])V_{1}(t_{2})[s_{1}]-u(t_{2}\cdot t_{1},[s_{1}])\vdots\frac{\partial r}{\partial s_{0}}(s_{0},s_{m})[s_{0}]+\frac{-1\partial r]}{\partial s_{m}}(s_{0},s_{m})[s_{m}]-r([s_{0}],[s_{m}])V_{m-1}(t_{m})[s_{m}-u(t_{m}\cdot t_{m-l},[s_{m-1}])\end{array}\}$
(1)
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3.2 Symbolic Math Toolbox










$>>$ fl $=$ diff $(f, x)$
fl $=$
$\exp$ (x) $*$ cos (x) $+\exp(x)*(\cos(y)+\sin(x))$
$f$ $x$ 2
$>>$ f2 $=$ diff $(f, x, 2)$
f2 $=$
$2*\exp$ (x) $*$ cos (x) $-\exp$ (x) $*$ sin (x) $+\exp(x)*(\cos(y)+\sin(x))$
$f2$ simplify




























$>>$ a $=$ intval (1);
Symbolic Math Toolbox INTLAB
function $y=$ SubsIntval(f, name, value)
$l^{/_{l}}/y*$
subsIntval ( $f$ , name, value)
$l/_{l}f$ :sym
$/*$ name: $f$
/. $x$ ‘ $x$ ’




for $i=1$ : length(value)




Symbolic Math Toolbox INTLAB $f$ (1)







$y=y+$ hj $*$ evalFj (fj, tk, sk);
hj $=$ hj $*h$ ;
fj $=$ (diff (fj, t) $+$ jacobian $(fj,$ $u)*f$ ) $/(j+1)$ :
end
$y=y+$ hj $*$ evalFj (fj, $inf\sup^{(}\inf$ (tk), $\sup$ (tkl)), Ukl) ;
function $y=$ evalFj (fj, $t$ , u)
for $i=1$ : length(u)






function $y=$ meanVec(f, $u$ , nameU, v)
$//_{0}y=$
meanVec( $f,$ $u$ , nameU, v)
/. $u$ :sym
$/lf$ : $u$
/. nameU : $u$ (ul, $u2$ , . . . $u’$ )
$/\phi v$ : $u$ intval
$/ly$ : $f(v)$
midV $=$ mid (v) ;
$j=$ jacobian $(f, u)$ ;
$l/*f$ (mid $(v)$ )
$y=$ subsIntval ( $f$ , nameU, intval (midV)) ;
$/_{l}u$
$y=y+$ subsIntval ( $j_{*}$ nameU, v) $*(v-midV)$ ;
3.5
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